Journal of Separation Science and Engineering

GOl wIiuo 9 pole dg s

Vol. 9, No.2, (2017), pp. 78-93 Y-Y9q axio (\1V47 Juw @9 o yLouls (e ©09

s 390 sLoluy (o105 SK0s o ol pdady w148 solaxdl g S5l

\ . oa Y G~ ) o .
Jugy omoly & LS M (6 ,8L 4 o

A

Ol eyl sy taio oSS (i g o cwdkige 0aSLElS Y

[WVLEN Alio bazuine
99, )lse jLad (Lol S lhwg Lse JUsl b gslolax by, olie i o azxsy )b

Hlad g Leo Jds as (6,5L8 ) .l 59,50 looyax b 3 SOT glid (g
1058 Sl 63959 Ol eVl cdile 4 Conlas pas 5 (b Slles
ol JUl Joe 51 ool b dlie ol 50 0l colie ,Slas o o8 (slas]
oobes plsé ol ((uls 5 Joe b e JES) Joe g cdal sae b 5
ol 08 gy Voo e MOIL 5 )5 b i ol o T 103K gl aiome
Ol Sloo o Vel Lgis Yeove v mg/LLs YO« «+ mg/L ;| 5,6 il L
9 Jg—aze 9 Slhes oy (29 9 Slhgs led Gl L a5 oud o5 Joarme
Sy b L gaaly sl ol ol el (b5l BB Jgame los rals
o=l s ST oad e anie was oo L8 5 50 olyen ol asig VY- -
e 5 355 Lol (gl milio 08, 45 el VAW Ll b,

D9 50

Sl Bgazmo pil §ei>

WA 5 % 1l )
WA 599 0o 1Y 1500l i g bl 5o
WA L5TIF ol by

(oS wlols’

ks ol ot
«golatdl y (o8 el
(eoly Sl

ool 35 Juw

Sl Hls onge
shayegan@sharif.edu

va


mailto:shayegan@sharif.edu

Had9 fs (ol

So slee b L] o)ls semg laolus 51 b 13 JT
Lag olacial jo jlse JLad (Lol,S anl 4 eebe (5)5L8
S ol acilb 5L Lad ax o cl 3,501 lo o
Sl e slaos ;o anl)d 05 o iael a5 0gi 0 55,5
Sezgdn |y Srico slaanl pla b oS 5 iy
Lo gy dxgi d pyre Sl g b Sy nl pled 055 0
S ) olad b gsbol ple Q1o @ly cny
Ll 035 has oele Sliiss gl Slae
Lid Uy priie olad 0 mile STy (op5lid ol 4o
2 Shygs gl G o L8 BluS 5 goyls 13 5 Sl
oS 5 (5 gl aliie slabs, 4 9 5
oS Lad S yome olad sloanl s s o [V] sei e
o= DL L S 53 (b)) ol jsbods 55985 (L2
b alid bl )0 (358 )b (s oo 6l aex
oelS o g, 4 azgi Lol iz sla g, b plee
000, jee B (s slaez 5 Lad slazal o jlad Lol S

LS e 50 (ot S AS (V USD) 998 o0 e
[a Al Syl Sldas aui0 5 55lulas

o Sy 221 15 wle
$o99 579
aiS K amie

T LSS \

. N BAlT S Al
wzas S Sl &
S48

Jyaze

Vs

s &Y b Lo pliio

J
e =

&3 S \

oxeF gy

H

H

. H

[}

H

H

H

\‘E
H M iy

H

H

H

H

s pf Shes

M yo sl phais

JXiadrg s (paols i lSld JM> 5 p3b dud po

doddo—)
S e b oo e gilulos anls O olad s
e slesSIse Less ()1 50 a5 cl (ol S (55,4
b o3ly [V] oS o jee 3 ST slid slao s
el oacel Jolaie ydads L anly cpl calis 5l olae
5 4ol p (silelaz banld cnl (599,8 )0 4555k
ol e w99 ;2 g oo mle /B Jole g 56
ol sla S 4 oliws cog jLis,0e 655 el 61
Wby iy by, So 6ol opl . Y] sies (Shes s
o Lad 59 S oo i 31 o yulady oS cul gl
Jbal 1) Sasl jlas lad Jds an & [¥] sas
7S Gliles Lad g Les (bg) (nl sblpe plo g 08 (o
SLid S e glid g Jolue 5> Lgl.:b.).;..ﬂj.é O S
5 0l dlg—e L s el LSl 1 odle a5 el
W1 sl 5l 5l eolawl gl (cmolio oyl o SCdl
9 $dy95 50 wae slaghpl g St )3 35290
sa ¥l cbale a0l 3 cplaiS o sl 1) (ole,S s
sl Ve an Sooy gslwlas e g 005 wlas
) gy ol 2 syl ! Sl Vg o b
Eo—e L;Laa).g)lf.[a RN Y W 03,5 ool u_‘;_>|)<x_3
YU posls Lol adg Gualy sliae . dais 5l (0,08 g 5,00
R I R SN PVCNL NP I NESIE:

m

RS J‘;y‘l | 9 @b Jyame

Lid

o eyt Sy | T._:bm &b Jpano

s ol i i 1

= e
$2019 05 Syt l |

Jeilacy

(s Sali Ja 57

[ @)

2858 Los 518
. s J
r95> 05 Shes
wz9> e S, e

“

i Jom ISy lid ez

VP9 I¥ 5V a0 5l ol b (ol ol wisT 8 (gukia S gl ) IS



2940 G99 (SOl (1l jKoi 1S (i pphaids 3y ThS (sILaisl 9 (S ol

[\c\] S| u)f)‘)ﬂ )P0 H9R lg‘).) o._JT 6)'3‘)'.’ I 6)9"“
3,13 oS GOR® Lagas «slpd o Sy olosé ,lais
Ao 2L e Y g it uled b ol ol (yioren
5 95yl ool Lid mhaw a4y L5 Ll asws oL GOR sl
ol V51 5568 GOR Al o SO & g0 D> S £43 50
il Cudgamme au a>gi L Lid 5l Vb mhaw jo o>
5 S BT ] el o8 adgs lime vl bt
Lilgn as¥ L olud phads o Slae cwyp il Koo
adal ol (Glagm b)sme slalie glail 5l oolaiul
Ol ye sl s VY gl ccdale Uy 548 slaos]
Az oA 0. jlles ol as ol jasrin by oo,y
5 sl oo, £ YALIMPHE @ YELIMPHE 5| Jgamo ol 5e
Ve 5 i psada ¢ Jsdoe lacSas cdale zul58l L
b N ] ool e 2alS Joame olie id jo 08
O o3 SKas 3 sSans josl b lid o o annlie
SYU 5lulas o5l 5l (Sl oas VFe o emgiL (5,58 L
Olan b ye YL TDS L ol (sl lso 0¥ L gLt jolais
g SN g 8,5 18 olesl 8,90 (VAYQ/L) of yosd
oles ol ;dais 5l ,aS Jlows 45 oagoh LIMPHr ol
5 s ol (5 j9me SN lie [VF] el iine
Sy GRIBI L oS Cunl Lad 831 90 (o (252 )b JLad
aoni)d Sl GhalS gl (5 @ Az b > jLid
o o5 TDS Liulidl b olié phads 51 6 gue LS
YOL/M?Nr ol s (6 5e STDS =YYG/L 4o a5 5, 5bas
M‘ 6‘)—’ AJL.MM )‘J._AA )‘ B oS )l“ 3 d_s [ l‘
ialidl U s ol acidl el (YO-F - LIMPh) e sSias

oo aejli Lal 09 oo ol (50905 U STye5 sbeo
Slaie o) el S o o il 4y (65,0 celes Slgl S
S>s5 sloead b s YooV e KWHM® LugSas ol sl
Srdmial) omly )t o plad phaE Gl ple (cwd
S0 aS ol Y 6,080 50 bl ojls weSae el b oS5
elid dadi e anletn Jes ugSae jewl I oolaiul
95 3ITDS ;i b &S s 55bar o)lo (6 S i Jemily
S Oleen 5 Sgdiae 00y WS 8l YNV E LV -0/l b YY
Ol 0)lgan g 0,8 oolaiwl YA-g/L clale b slie ,lads
L FF sga> Ly, ol L el YOL/M?hr 51 590 WS
Lhwgie U oS 550 b olag aar ;o Cluy pz> 51 7AA

°Gain output ratio

AN

0uuS SGB bz Glaisd ol Lo STyes 5l solarul
Lid Coomw 99 Gym o5 slos ST 6l lo g Y L olae
sl mhow 4 5l cde en @ sl o5 b WSDIE
0o S o L5 L g0, Ss o Dy T sl o585
o aY L plad pladi 5l gyt py2 Jl a5 ey
ovled £ L ainlin (0 58 (g 5eS (S BT g anils
3B 0died 5 jgmpeS 4 bor o 4 jo Jocnll Sl puitns
i by ye Gliles 5 S alesw anje ldl 4 e
i gl s b glae sV Y] sgi o 5]
Comw jo 450 s og oS Cde @y p > Jlal a5 oeeg 00
8 Oy90 90,2 aS wiles lalg) g laio Ojsoa lis
3l Jlw (0 s ey p 2Rislesl slaoslail jo
Lie owsjluw olgs yo &l3ds g oS slaalglgl « Sl o
6‘)4 GM(S"")J‘? ;}‘9.4 O.ﬁ)é [A] S| w;)lﬁ (;.u))go)j.c
Lo yorky calse i anl o Lid olsiea 5,54
o oolawl g (Sl Lasf clwl ol Jdo 4 5 ST
i v Vo —
by (hs Oleg sk o oSty 1 (b Jels
Sy blas ol tsle 4 5100 2] el Twlls
Sl S sy Ll 05 ls i elais 4o s Ll b g
oy e Ve Y] was as gl yilidg See CBlaal
Ol anwg 5l ol loy SS90 ey pasie sla Sy
[V] 6 thdg S slalicd o 15 YU S,y ¢ Jparmo
S92 «dediy o Slos o Coalad pac g YU (65,5l B paac
5o W el oasis g0, o By b 3l o9 JUSIL
Q‘B—A 9 o‘).o.b u] J:>\o J}l?u& Lgl.é)lf )9..49 9 S 51)5}
Gl as el (5,5k8 pl OMSie 31 (6395 oolo of pan 48
sLsl IYAT s slo! ov9y o2l o |y Al g L
3G il 8l L oS Wal ax e il e 5 gilosll
5O Dgi e oS (6398 HlBu WSO8 5ITD L LV,0 BAY,0
Yo.e T . -
L a8 p ol @l plad phall 65,54 (o) o0

1polytetrafluoroethylene (PTFE)
2

polypropylene (PP)
"polyvinylidene fluoride (PVDF)

"Flow back water
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ABSTRACT

ARTICLE INFO

Membrane distillation is a separation method based on heat
transfer due to vapour pressure gradient between the two sides
of a microporous hydrophobic membrane. Owing to
advantages such as low operating temperature and pressure,
and insensitivity to the concentration of influent pollutants, it
is considered as an appropriate membrane-based separation
process to be integrated with other separation processes and
has shown good performance on the desalination of brine. In
this paper, the performance of direct contact membrane
distillation for desalting produced water with a salinity of
100000 mg/L has been studied by adopting heat transfer
model based on the Nusselt number and mass transfer model
based on the Dusty gas model. The results indicate that
increasing salinity from 35000 mg/L to 10000 mg/L reduces
the volume of the product by only 10%, which is retrievable
through increasing the feed temperature, raising the flow rate
of the feed and permeate, and reducing the temperature of
permeate. Economic projections made for a unit with the
capacity of 11000 barrels of produced water per day indicate
that the levelized cost of producing retreated water in this
method is 1.95 $/m°, which is a reasonable number for
hypersaline produced water.

All right reserved.

Article history:

Received: December 26, 2016

Received in revised form: September 4, 2017
Accepted: December 5, 2017

Key words:

Membrane distillation,

produced water,

desalination,

Techno-Economic Analysis, Dusty
gas model.

* Corresponding author
shayegan@sharif.edu

ay



